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Abstract 
The multiple-criteria decision analysis (MCDA) methods are widely used in the field of logistics. However, the selection of a 
suitable MCDA method for a given decision situation raises a problem. This issue is a key stage in the decision-making and 
determines the quality of the whole decision making process. In the paper, the author develops a practical outline to select a subset 
of suitable MCDA methods for specific green logistics problems. For this purpose, a set of available MCDA methods was identified 
and analyzed. The abilities of each method contributed to the development of the practical outline. The proposed approach was 
verified with respect to selected literature cases related to green logistics decision problems. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of Green Cities 2016. 
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1. Introduction 
Multiple-criteria decision analysis (MCDA) is used in various fields and disciplines such as economics, resource 
management, production, etc. (Velasquez and Hester (2013)). For many years their application areas have been 
covered by logistics and transportation and a significant number of scientific papers confirm their usefulness in these 
fields of decision making. Widely discussed class problems constitute here, for instance, evaluation of: city logistics 
systems, shipping systems, transportation systems within supply chain management (SCM) (Żak and Węgliński 
(2014)). The issue of SCM because of its complexity and the multitude of problems at various management levels is 
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widely discussed in the scientific literature with regard to the use of MCDA methods for solving specific decision 
problems. 
 At present, papers including green ideas in examined logistics problems constitute an essential research trend. 
Therefore, it is necessary to reconstruct current or construct new approaches and models including environment factors 
in given problems or decision situations. Often, aims of analysis and decision support were changed introducing, for 
example, dominating ecological priorities (Macharis et al. (2012)). Also, on this ‘green’ basis various MCDA methods 
are applied and an analysis of the literature depicts numerous examples of articles devoted to specific decision 
problems related to green logistics and green transport (Macharis and Bernardini (2015)). The review of the reference 
literature shows that the same decision problems are solved with the use of different MCDA methods. It should be 
emphasized that different MCDA methods can recommend different decision variants. This can be confirmed in the 
literature in which rankings of decision variants, obtained with the use of different MCDA methods, were examined 
(Zanakis et al. (1998); Wang and Triantaphyllou (2008); Peng et al. (2012)). It can be observed that no MCDA method 
is perfect and cannot be considered appropriate for using in every decision situation or for solving every decision 
problem (Guitouni and Martel (1998)). It is the case because not all methods are able to present individual decision 
problems, what results from limitations of individual MCDA methods (e.g. a chosen method may not take into 
consideration weights of criteria). However, relatively little attention is paid to determine which methods should be 
used in certain circumstances (Hajkowicz and Higgins (2008)). In such a situation an important research issue is the 
selection of an MCDA method suitable for a decision problem, since only a properly selected method allows receiving 
a proper solution reflecting a decision-maker’s preference. It is also essential on the grounds of a great number of 
MCDA methods and their differentiation (Hanne (1999)). 
2. Literature review 
Green logistics employs basic rules of classical logistics, however, it takes into consideration influence on the 
environment (Bagheri Moghaddam et al. (2011)) as well as the social area. Thus, fields of decision support in green 
logistics include strategy creation and planning (e.g. location planning or ecological route planning), transport (e.g. 
greenhouse gas emission, route optimization, ecological transport), real estate logistics (e.g. energy-efficient 
properties) or intralogistics which deals with material flow management in a whole supply chain (Bojkovic et al. 
(2010); Fierek and Żak (2012); Wątróbski et al. (2015)). Paying particular attention to environmental aspects and 
recycling led to the development of a green supply chain management - Green SCM (Tundys et al. (2014)). It is a 
management concept relying on doing no harm to the environment on every stage and in every process. In addition, 
information channels and flows of materials and energy are linked and modelled in accordance with requirements of 
the environment as well as minimization of a negative impact on the environment. Its indispensable part is both green 
logistic processes and decision problems related to the environment (e.g. green supplier selection) (Kannan et al. 
(2013); Helen and Naim (2014); Wątróbski and Sałabun (2016)). 
 A literature review depicts many possibilities of applying MCDA methods in the green logistics problematic. For 
instance, in Tuzkaya (2009), an evaluation of influence on the environment in the assessment process of transport 
options with the use of the fuzzy AHP method was carried out. Also, a fuzzy development of the AHP method was 
suggested in Boutkhoum et al. (2015), where the authors with the use of the development prepared a model of green 
logistics for large industrial zones in Casablanca. In Wang and Chan (2013) the TOPSIS method was applied to 
evaluate selected elements of green urban logistics. The issue of eco-innovation assessment for selection of co-
operators was discussed in the paper Lee et al. (2012), where the fuzzy AHP method was also used. In Bottani and 
Rizzi (2006) the authors used the fuzzy TOPSIS method for the selection and ranking of the most suitable 3PL service 
provider. On the other hand, in Vahabzadeh et al. (2015) the authors suggested a fuzzy multiple-criteria model using 
the VIKOR method to support ‘green’ decisions in reverse logistics. Clean energy for energy-efficient houses was 
discussed in Bagheri Moghaddam et al. (2011). Authors decided to prepare their original framework for evaluation of 
selection variants with the use of several MCDA methods. In the paper Ferrari (2003) the selection of a design for a 
highway in a metropolitan area with the use of several MCDA methods was proposed. Also, the AHP method was 
used in Poh and Ang (1999), where the problematic concerned the selection of fuel for land transport. In the article 
Tzeng et al. (2005) a combination of AHP and TOPSIS was used for the selection of fuel for means of public transport. 
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The TOPSIS (a fuzzy version) constituted the basis for research Awasthi et al. (2011), where authors applied it to 
select locations for urban distribution centres. 
 The presented literature studies are only selected cases of applying MCDA methods in the field of green logistics. 
Further literature studies can be found in Wua and Barnesb (2011), Govindan et al. (2015) Chai et al. (2013), Huang 
et al. (2011), Macharis et al. (2012), Macharis and Bernardini (2015); Helen and Naim (2014) or Liu et al. (2011) 
where the authors conducted a full biographical analysis of the present state of the art in the field of green logistics 
and decision problems related to it. These studies (in particular, the number of reference cases presented in the 
publications) show that MCDA methods are extremely popular in this research area. 
3. Methodological background 
Decision analysis deals with the issue of decision research, in particular, it comprises methods and techniques of 
decision making (Horvitz et al. (1988)). The notion of decision support, which denotes assistance in finding answers 
to questions posed by the decision-maker in a decision process (Roy (1996)), is closely related to decision analysis. 
Decision support methods, just as decision problems considered by means of them, can be divided into single-criterion 
and multiple-criteria ones (Kodikara (2008)). Single-criterion methods concentrate on the optimization of a problem, 
whereas among many multiple-criteria methods there is a division with regard to a number of decision variants. If a 
set of decision variants is finite, then discrete methods are used. Otherwise, continuous methods are applied. 
 The course of a decision problem, adopted when solving discrete problems, is presented by Guitouni et al. (1998). 
The following stages are singled out: 
1. the structuring of the problem,  
2. the preferences articulation and modelling, as well as the determination of inter-criteria information,  
3. the aggregation of these preferences,  
4. the exploitation of this aggregation,  
5. the recommendation. 
In the course of research into MCDA (multiple-criteria decision analysis) discrete methods one can distinguish two 
approaches to the problem. There are approaches based on the utility theory and the outranking relation (Roy (1996); 
Spronk et al. (2005)). They differ widely both in terms of the methodology of the approach to a decision situation and 
in terms of selecting the best decision variant. Methods using the utility theory take into consideration two relations 
between decision variants, i.e.: indifference between variants as well as preference of one variant over the other one. 
Also, these methods assume transitivity and completeness of the preference (Bana e Costa and Vincke (1990)). 
Methods based on the outranking relation expand a set of preference relations with incomparability of variants. 
Moreover, they assume a lack of preference transivity (Roy (1991)). Individual MCDA methods can also differ in the 
degree of occurrence of the criteria compensation effect. The compensation itself lies in the fact that the low value of 
a variant with relation to one of criteria can be compensated with the high value of the same variant with regard to 
another criterion (De Montis et al. (2000)). Additionally, MCDA methods can differ in, for instance, the range of 
occurrence of the rank reversal problem. The problem is that adding a new non-dominant decision variant can change 
the sequence of other variants. The result can occur even when adding a variant having parameters identical with the 
variant being considered (Saaty (2011); Wang and Triantaphyllou (2008)). Furthermore, individual MCDA methods 
are different from each other in terms of the nature and character of data which are considered in the methods (Guitouni 
et al. (2001)). The nature of data is closely related to the measurement scale employed by individual MCDA methods. 
The scale can be ordinal or cardinal. The ordinal scale allows expressing qualitative data, while the cardinal scale 
makes it possible to present quantitative data. It should be pointed out that the cardinal scale can be an interval or ratio 
one (Roy (2005)). The ratio scale is obtained by comparing variants or criteria in pairs, as it takes place in, for example, 
the AHP method (Saaty (1994)). What’s more, the methods are designed for certain or uncertain data (Ozturk et al. 
(2005)). Some data, also named as deterministic, are expressed in the crisp form, whereas uncertain data (non-
deterministic) are represented by a discrete or continuous distribution (Guitouni and Martel (1998)). Moreover, many 
new methods based on the fuzzy set theory allow expressing uncertain data in the fuzzy form (Ozturk et al. (2005); 
Jankowski (2011); Jankowski et al. (2011)). 
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4. Research procedure 
It is essential to point out that even when using the same weights of criteria and assessments of criterion variants, 
different MCDA methods can recommend different decision variants. An outline of a procedure for selecting an 
MCDA method for solving a decision problem was prepared on the basis of the author’s earlier publications in which 
an analysis of individual methods had been conducted (Wątróbski and Jankowski (2016); Wątróbski and Jankowski 
(2015); Wątróbski and Jankowski (2016a)). Moreover, guidelines regarding method selection were based on the papers 
(Roy (1996); Guitouni and Martel (1998); Hwang and Yoon (1981); Moffett and Sarkar (2006)). In the problematic 
of selecting an MCDA method for solving a given decision problem in the area of green logistics, the MCDA methods’ 
features, related to the nature of data supported by the methods, were used. Here, a process for defining weights of 
criteria and comparing variants on qualitative and quantitative scales was singled out. In practice, five decision 
problem characteristics relating to possibilities offered by individual MCDA methods were employed. They were: 
1. comparing all variants according to all criteria, 
2. applying weights for criteria, 
3. defining quantitative importance of each criterion, 
4. using relative quantitative importance of each criterion, 
5. comparing all variants according to all criteria on a quantitative scale. 
Within the procedure for selecting an MCDA method, firstly, individual methods with regard to given 
characteristics were analysed. The characteristics, with respect to individual MCDA methods, are shown in Table 1. 
Table 1. Characteristics of individual MCDA methods 
Method Name Preference 
relations 
Compensation 
effect 
Preference 
aggregation 
Preferential information Reference 
AHP  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic, Non-
deterministic 
Saaty 1980 
ANP  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic, Non-
deterministic 
Saaty 2001 
ARGUS 
Indifference, 
Incomparability, 
Outranking 
Partial Outranking 
Ordinal, Deterministic, Non-
deterministic 
De Keyser and Peeters 
1994 
COMET 
Indifference, 
Preference 
Total 
Single 
criterion 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Sałabun 2015 
Electre I  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Roy 1968 
Electre II  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Roy 1973 
Electre III  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Roy 1978 
Electre IS  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Roy and Skalka 1984 
Electre IV  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Roy and Hugonnard 
1982 
Electre TRI  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Cardinal, Deterministic 
Bouyssou and Roy 
1993 
EVAMIX  
Indifference, 
Preference 
Partial 
Single 
criterion 
Ordinal, Cardinal, Deterministic 
Voogd 1982 
Fuzzy AHP  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic, Non-
deterministic, Fuzzy 
Mikhailov and 
Tsvetinov 2004 
Fuzzy ANP  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic, Non-
deterministic, Fuzzy 
Promentilla et al. 2008 
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Fuzzy methods of 
extracting the min 
and max values of 
the attribute  
Indifference, 
Preference, Weak 
preference 
No Mixed 
Ordinal, Cardinal, Non-
deterministic, Fuzzy 
Dubois et al. 1988 
Fuzzy 
PROMETHEE I  
Indifference, 
Preference, 
Incomparability 
Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Wang et al. 2008 
Fuzzy 
PROMETHEE II  
Indifference, 
Preference 
Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Wang et al. 2008 
Fuzzy SAW 
Indifference, 
Preference, Weak 
preference 
Total 
Single 
criterion 
Ordinal, Cardinal, Non-
deterministic, Fuzzy 
Dubois and Prade 1982 
Fuzzy TOPSIS 
Indifference, 
Preference 
Total 
Single 
criterion 
Cardinal, Deterministic, Non-
deterministic, Fuzzy 
Chen et al. 2006 
IDRA 
Indifference, 
Preference 
Partial Mixed 
Cardinal, Deterministic, Non-
deterministic 
Greco 1997 
Lexicographic 
method 
Indifference, 
Preference 
No 
Single 
criterion 
Ordinal, Cardinal, Deterministic 
Fishburn 1974 
MACBETH 
Indifference, 
Preference 
Partial 
Single 
criterion 
Ordinal, Cardinal, Deterministic, 
Non-deterministic 
Bana e Costa and 
Vasnick 1994 
MAPPAC 
Indifference, 
Preference, Weak 
preference, 
Incomparability 
Partial Mixed Cardinal, Deterministic 
Matarazzo 1986 
MAUT  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Non-deterministic 
Keeney and Raiffa 
1976 
MAVT  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic 
Keeney and Raiffa 
1976 
Maximin  
Indifference, 
Preference 
No 
Single 
criterion 
Ordinal, Cardinal, Deterministic 
Hwang and Yoon 1981 
Maximin fuzzy 
method  
Indifference, 
Preference, Weak 
preference 
No 
Single 
criterion 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Bellman and Zadeh 
1970 
MELCHIOR 
Incomparability, 
Outranking 
Partial Outranking Ordinal, Deterministic 
Leclercq 1984 
Methods of 
extracting the min 
and max values of 
the attribute  
Indifference, 
Preference 
No Mixed Ordinal, Cardinal, Deterministic 
Hwang and Yoon 1981 
NAIADE I 
Incomparability, 
Outranking 
Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Munda 1995 
NAIADE II Outranking Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Munda 1995 
ORESTE 
Indifference, 
Preference, 
Incomparability 
Partial Outranking Ordinal, Deterministic 
Roubens 1982 
PACMAN 
Indifference, 
Preference, Weak 
preference, 
Incomparability 
Partial Mixed Ordinal, Cardinal, Deterministic 
Giarlotta 1998 
PAMSSEM I 
Incomparability, 
Outranking 
Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Guitouni et al. 1999 
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PAMSSEM II Outranking Partial Outranking 
Ordinal, Cardinal, Deterministic, 
Non-deterministic, Fuzzy 
Guitouni et al. 1999 
PRAGMA 
Indifference, 
Preference, 
Incomparability 
Partial Mixed Cardinal, Deterministic 
Matarazzo 1988 
PROMETHEE I  
Indifference, 
Preference, 
Incomparability 
Partial Outranking Ordinal, Cardinal, Deterministic 
Brans 1984 
PROMETHEE II  
Indifference, 
Preference 
Partial Outranking Ordinal, Cardinal, Deterministic 
Brans 1984 
QUALIFLEX 
Incomparability, 
Outranking 
Partial Mixed Ordinal, Deterministic 
Paelinck 1976 
REGIME  
Incomparability, 
Outranking 
Partial Outranking Ordinal, Deterministic 
Hinlopen et al. 1983 
Simple Additive 
Weighting (SAW) 
Indifference, 
Preference 
Total 
Single 
criterion 
Cardinal, Deterministic 
Hwang and Yoon 1981 
SMART  
Indifference, 
Preference 
Partial 
Single 
criterion 
Cardinal, Deterministic 
Edwards and Newman 
1982 
TACTIC 
Indifference, 
Preference, 
Incomparability 
Partial Outranking 
Cardinal, Deterministic, Non-
deterministic 
Vansnick 1986 
TOPSIS  
Indifference, 
Preference 
Total 
Single 
criterion 
Cardinal, Deterministic 
Hwang and Yoon 1981 
UTA  
Indifference, 
Preference 
Partial 
Single 
criterion 
Ordinal, Deterministic 
Jacquet-Lagreze and 
Siskos 1982 
On this basis, by determining requirements of a decision problem, selection of a subset of methods fulfilling given 
requirements is carried out. This selection is conducted in five steps in the way presented in Figure 1. 
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Fig. 1. Outline of MCDA method selection based on the characteristics of a decision problem 
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In Step 1 the decision-maker analysing a decision problem should determine the possibility of comparing all 
alternatives with respect to all criteria. For instance, a decision problem, dealt with in the work (Iwan et al. (2014)), 
consisting in evaluation of electric cars cannot be solved with the use of the MCDA methods, since, for certain criteria 
(the travel range of a car, charging time, price), in the case of some variants there was lack of data (the values of the 
above mentioned criteria are not determined). Therefore, in order to apply an MCDA method, it is crucial to eliminate 
variants without data or to complete data. The discussed example is included in Appendix A. 
 Step 2 is about making a decision if different criteria employed to evaluate variants will have different weights. As 
it was in the case of evaluating electric cars, the decision-maker ought to define if the travel range of a car, battery 
charging time or price are equally essential or, perhaps, some of the criteria are more important than other ones. When 
individual criteria have different weights, one needs to use one of the following methods: AHP, ANP, ..., UTA. 
However, if all the criteria are equally important, one should consider one of these methods: ELECTRE IV, ..., 
COMET. Although AHP, ANP, ..., UTA can also be used, individual criteria must be explicitly assigned equal weights. 
 In Step 3 the decision-maker should determine if weights of criteria will be expressed quantitatively or 
qualitatively. When weights are expressed quantitatively, the decision-maker can precisely find how important are 
individual criteria, for example, he or she may attribute weight 4 to the price and weight 3 to the battery charging time. 
If weights are qualitative, then the decision-maker most often determines only the order of criteria, e.g. the price is 
most important, the range is less important and the least essential element is the battery charging time. If weights are 
to be expressed quantitatively, then it is necessary to apply the methods: AHP, ANP, ..., UTA. When weights are 
ordinal, the decision-maker should use these methods: ARGUS, ..., ORESTE. Also, it is acceptable to employ AHP, 
ANP, ..., UTA and to present the order of criteria on a quantitative scale by means of a number. An example of 
expressing weights of criteria on ordinal and quantitative scales is showed in Appendix B. 
 Step 4 allows the decision-maker to determine if weights will be determined on the basis of mutual pairwise 
comparisons of criteria. It is especially useful, when the decision-maker finds it difficult to determine the absolute 
importance of criteria on a quantitative scale. He or she may determine an absolute weight of one criterion with relation 
to other ones. It is carried out on pairwise comparison matrices. If the decision-maker determines weights via pairwise 
comparisons, then he or she ought to apply one of the methods: AHP, ..., MACBETH; otherwise, ELECTRE I, ..., 
UTA are used. Sometimes combinations of methods, e.g. AHP and TOPSIS, are employed. In this case determining 
weights of criteria takes place by means of the AHP method via pairwise comparisons, whereas preference aggregation 
of variants is conducted in accordance with the methodology of TOPSIS. Examples of a pairwise comparison matrix, 
in which absolute weights of criteria were presented, are shown in Appendix C. 
 The last step, Step 5, is related to Step 1, while Steps 2, 3 and 4 are independent of it. In other words, Steps 2, 3 
and 4 result from each other because of the fact that if weights of criteria are used (Step 2), they can be expressed 
quantitatively (Step 3) by pairwise comparisons (Step 4). With relation to Steps 1 and 5, when all variants are compared 
regarding all criteria (Step 1), then such comparisons could be presented on a quantitative scale (Step 5). In practice, 
Step 5 requires the decision-maker to determine if comparisons of criterial evaluations of variants are to be expressed 
quantitatively (in numbers) or on a qualitative scale (e.g. better, worse, equal). If comparisons are conducted on a 
quantitative scale, one needs to use, depending on the steps adopted earlier, a method from one group: (1) AHP, ..., 
MACBETH; (2) ELECTRE III, ..., UTA; (3) MELCHIOR, ORESTE; (4) COMET. On the other hand, when 
comparisons of criterial evaluations of individual variants are to be qualitative, then the following methods will be 
applied: 1) ELECTRE I, ELECTRE II; (2) ARGUS, ..., REGIME; (3) ELECTRE IV, ..., Maximin. An example of 
such a comparison of criterial evaluations of variants on ordinal and quantitative scales are presented in Appendix D. 
5. Analysis of practical cases of applying the MCDA methods in the field of green logistics 
In order to verify the outline of selecting an MCDA method, an analysis of practical cases of applications of 
different methods in decision problems in the field of green logistics was carried out. The cases were taken from the 
scientific literature being a reliable source of expert knowledge. This approach can be justified because decision-
makers are experts who have intuitive knowledge about a particular method which should provide a good solution to 
their problem (Hanne (1999)). Moreover, (Guitouni and Martel (1998)) recommend analysing practical applications 
of individual MCDA methods, and the basic source of such an analysis is the scientific literature. 
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5.1. Selection of a design for a highway in a metropolitan area (Ferrari (2003)) 
Case 1 deals with the issue of selecting one out of several alternative transport projects which are different versions 
of a highway route crossing a metropolitan area. The problematic concentrates on the fact that the metropolitan area 
is serviced by a road network which also contains a heavy-used urban section of a highway. Most traffic in this section 
is generated by vehicles going through the city. As a result, the segment poses a danger to the city dwellers related to, 
among other things, pollution and vehicle traffic as well as additional occasional traffic jams generated by the city 
dwellers’ vehicles. The paper considers 4 alternative designs: (1) a highway bypassing; (2) an underground highway 
in a tunnel under the existing segment of the highway; (3) a highway crossing the metropolitan area along an 
abandoned railway track; (4) a highway crossing the metropolitan area and to a great extent along some existing roads 
in the road network. The aim of the decision is the selection of the best project with regard to 6 criteria: (1) decreasing 
traffic intensity on the segment of the highway after finishing the project; (2) decreasing traffic intensity on other urban 
roads of the metropolitan area after finishing the project; (3) decreasing traffic intensity on other non-urban roads in 
the metropolitan area after finishing the project; (4) costs related to the realization of the project; (5) reduction of 
pollution (CO, NOX, HC) on all urban roads and highways in the metropolitan area after finishing the project; (6) the 
number of hectares of land which are to be qualified and intended for the completion of the project. The projects are 
considered from 6 points of view related to individual criteria. The author determined characteristics of a decision 
problem, which can be suited to the prepared outline as it is presented below: 
x The author considers all alternative project in terms of all criteria, therefore, MCDA methods can be used here 
(Step 1 - Yes).  
x Moreover, for subsequent points of view individual criteria will have different weights (Step 2 – Yes). 
x The weights will be expressed quantitatively (Step 3 – Yes). 
x Also, the author points out that weights will be relative and the easiest way to determine them is to use 
pairwise comparison matrices (Step 4 – Yes). 
x Finally, to obtain quantitative values of assessment of individual variants for different points of view, variant 
comparisons will be conducted on a quantitative scale (Step 5 – Yes). 
To solve the decision problem, the author, on the basis of its characteristics, made a decision to use the AHP method. 
Employing the prepared outline presented in this paper points out that one of the methods: AHP, ANP, Fuzzy AHP, 
Fuzzy ANP, MACBETH ought to be used. The selection made by the author of the discussed paper is therefore proper. 
5.2. Selection of fuel for land transport (Poh and Ang (1999)) 
In this case the problem was to select a scenario defining the use of different kinds of fuel for land vehicles in the 
future. The problematic focuses on determining which of the fuels will be the optimal solution for transport after 2020. 
Here, 4 variants were considered: (1) maintaining the status quo – mostly oil vehicles; (2) oil and electric vehicles; (3) 
oil and natural gas vehicles; (4) methanol vehicles. The variants were considered regarding 6 criteria: (1) supply – 
refers to the long term availability of the fuel; (2) emission – refers to the release of harmful gases or particulates into 
the atmosphere by vehicles using the fuel; (3) technology – refers to the capability to produce or convert vehicles to 
suit the alternative fuels; (4) safety – refers to the danger associated with the use of the fuel to both the consumers and 
to the society; (5) overall cost to the producers and the consumers, which is incurred in the production of the fuels, the 
manufacture of vehicles, and the conversion of the vehicles to run on another fuel; (6) consumer preference – refers to 
the willingness of the consumers to switch to alternative fuels and vehicles. The authors considered individual variants 
from 2 points of view referring to the social and consumer perspectives. The considered characteristics of the decision 
problem which made it possible to select an MCDA according to the presented outline are as follows: 
x All variants were examined with regard to all criteria, therefore, MCDA methods can be used here (Step 1 - 
Yes). 
x It was assumed that for each of the two perspectives, subsequent criteria should have different weights (Step 2 
– Yes). 
x The weights were expressed quantitatively (Step 3 – Yes). 
x Pairwise comparison matrices were used (Step 4 – Yes). 
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x Quantitative values of assessment of individual variants for different points of view were expected to be 
obtained. Consequently, variant comparisons were conducted on a quantitative scale (Step 5 – Yes). The authors 
wanted to obtain the quantitative values of assessment of individual variants for different points of view because 
of the next research in which an analysis of sensitivity of the obtained solutions was carried out. 
The use of the presented outline indicates that in this decision problem the following methods can be used: AHP, ANP, 
Fuzzy AHP, Fuzzy ANP, MACBETH. The authors of the aforementioned article used the AHP method what is in 
accordance with the prepared outline. Nevertheless, one needs to point out that in the context of Step 4, it is difficult 
to determine if the authors’ main intention was the application of a hierarchical decision model (an aim, criteria and 
decision variants) or the use of pairwise comparisons of weights of criteria. 
5.3. Selection of fuel for means of public transport (Tzeng et al. (2005)) 
Another quoted case is slightly similar to the previous one, for there was also considered the issue of selecting fuel for 
vehicles. However, they were public transport vehicles in urban areas (particularly buses). The problematic 
concentrates on selecting one of alternative fuels. In the paper 12 decision variants, based on 6 different types of fuel, 
were considered: (1) conventional diesel engine; (2) compressed natural gas – CNG; (3) liquid propane gas – LPG; 
(4) fuel cell (hydrogen); (5) methanol; (6) electric vehicle – opportunity charging; (7) direct electric charging; (8) 
electric bus with exchangeable batteries; (9) hybrid electric bus with gasoline engine; (10) hybrid electric bus with 
diesel engine; (11) hybrid electric bus with CNG engine; (12) hybrid electric bus with LPG engine. Individual variants 
were considered in terms of 11 criteria: (1) energy supply – yearly amount of energy that can be supplied, reliability 
of energy supply, reliability of energy storage, cost of energy supply; (2) energy efficiency; (3) air pollution; (4) noise 
pollution; (5) industrial relationship; (6) cost of production and implementation; (7) cost of maintenance; (8) vehicle 
capability – cruising distance, slope climbing, average speed; (9) road features needed for the operation of vehicles – 
e.g. pavement, slope; (10) speed of traffic flow – refers to the comparison of the average speed of vehicles to the traffic 
flow; (11) sense of comfort. Here are analytical results of the way the decision problem was solved with regard to the 
characteristics presented in the outline: 
x All variants were examined with regard to all criteria (Step 1 - Yes). 
x Weights of individual criteria were provided by experts (Step 2 – Yes). 
x The weights were expressed by individual experts quantitatively, then the weights were averaged (Step 3 – Yes). 
x Experts provided relative weights with the use of pairwise comparison matrices (Step 4 – Yes). 
x The evaluations of variants and their comparisons were conducted on a quantitative scale (Step 5 – Yes). The 
aim was to make it possible to further analyse the obtained solution. 
In this case, selecting an MCDA method in conformity with the outline points out the applicability of one of the 
methods: AHP, ANP, Fuzzy AHP, Fuzzy ANP, MACBETH. Nevertheless, the authors of the discussed paper in order 
to solve the decision problem decided to apply a hybrid method, in which weights of criteria were determined with the 
use of the AHP approach and aggregation of variant evaluations was conducted according to the TOPSIS 
(AHP+TOPSIS) method. Therefore, hybrids of different MCDA methods should also be taken into consideration in 
the prepared outline. 
5.4. Selection of location planning for urban distribution centers (Awasthi et al. (2011)) 
In this case selection of one out of three locations for an urban distribution centre was considered. The prob-lematic 
concerns a logistics company which is interested in implementing a new urban distribution centre and the selection of 
location is to be carried out by a committee consisting of three decision-makers. Three variants are considered of 
which: (1) one is situated outside a city – on the outskirts of the city, near a highway; (2) another is situated in the 
inner outskirts of the city, in the vicinity of highways and customers’ locations; (3) the final one is located in the city 
centre, a long way from highways. Individual locations are considered with regard to eleven criteria: (1) access by 
public and private transport modes to the location; (2) security of the location from acci-dents, theft and vandalism; 
(3) connectivity of the location with other modes of transport, e.g. highways, railways, seaport, airport etc.; (4) costs 
in acquiring land, vehicle resources, drivers, and taxes etc. for the location; (5) im-pact of location on the environment, 
for example, air pollution, noise; (6) distance of location to customer loca-tions; (7) distance of location to supplier 
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locations; (8) availability of raw material and labour resources in the location; (9) ability to conform to sustainable 
freight regulations imposed by municipal administrations for e.g. restricted delivery hours, special delivery zones; (10) 
ability to increase size to accommodate growing demands; (11) ability to assure timely and reliable service to clients. 
The authors’ (of the discussed paper) approach to solv-ing the decision problem was as follows: 
• All the location alternatives were considered in terms of all the criteria (Step 1 - Yes).  
• Weights of individual criteria were provided by the decision-makers (Step 2 – Yes).  
• The weights were expressed by the decision-makers on a linguistic scale in the form of triangular fuzzy 
numbers (Step 3 – Yes).  
• The experts gave relative weights (Step 4 – No).  
• Evaluations and comparisons of variants were conducted on a linguistic scale in the form of triangular fuzzy 
numbers (Step 5 – Yes). 
The application of the prepared outline points out to the applicability of methods in the group: Electre III, Electre IS, 
Electre TRI, EVAMIX, Fuzzy PROMETHEE I, Fuzzy PROMETHEE II, Fuzzy SAW, Fuzzy TOPSIS, IDRA, 
MAPPAC, MAUT, MAVT, Maximin fuzzy method, NAIADE I, NAIADE II, PACMAN, PAMSSEM I, PAMSSEM 
II, PRAGMA, PROMETHEE I, PROMETHEE II, Simple Additive Weighting (SAW), SMART, TACTIC, TOPSIS, 
UTA. The selection of the method by the authors of the discussed paper is in conformity with the provided set of 
methods, since they employed the Fuzzy TOPSIS methods. In should be noted that the selection was also influ-enced 
by the ability of Fuzzy TOPSIS to present weights of criteria and criterial evaluations in the linguistic form, what 
allows considering uncertain data and evaluations. For the authors the outline is a reason to develop it with steps 
examining the need for applying weights, fuzzy or linguistic evaluations. 
5.5. Selection of a logistics centre location (Elevli (2014)) 
The last analysed case is similar to the previous one and it concerns the selection of a logistics centre location. Five 
variants situated in different parts of the city are considered. The variants are evaluated by 5 decision-makers in terms 
of 5 criteria: (1) usefulness of a given location with regard to the size, shape, topography of the location, area 
development possibilities and existence of buffer zones; (2) background activities and facilities that can be 
incorporated to the logistics centre; (3) access to transportation/network connections; (4) property price and own-
ership, the land uses of neighbouring sites, and the attitude of neighbouring sites; (5) location and interconnected 
business activities. As far as the characteristics of the MCDA method selection are concerned, they were as follows: 
• All the location variants were compared in terms of all the criteria (Step 1 - Yes).  
• Weights of individual criteria were provided by the decision-makers (Step 2 – Yes).  
• The weights were expressed by the decision-makers on a linguistic scale in the form of triangular fuzzy 
numbers. Then, the weights were averaged and normalized (Step 3 – Yes).  
• The decision-makers determined the weights by means of absolute values independent of other criteria (Step 
4 – No).  
• Evaluations and comparisons of variants were expressed on a linguistic scale in the form of triangular fuzzy 
numbers and then transformed into crisp values (Step 5 – Yes). 
On the basis of the outline it was found out that to solve a decision problem the following methods can be used: Electre 
III, Electre IS, Electre TRI, EVAMIX, Fuzzy PROMETHEE I, Fuzzy PROMETHEE II, Fuzzy SAW, Fuzzy TOPSIS, 
IDRA, MAPPAC, MAUT, MAVT, Maximin fuzzy method, NAIADE I, NAIADE II, PACMAN, PAMSSEM I, 
PAMSSEM II, PRAGMA, PROMETHEE I, PROMETHEE II, Simple Additive Weighting (SAW), SMART, 
TACTIC, TOPSIS, UTA. The authors of the discussed paper employed the Fuzzy PROMETHEE II meth-od what is 
in accordance with the determined subset. Also, as in the previous case, when selecting an MCDA method, for the 
authors the ability of Fuzzy PROMETHEE II to present weights of criteria and criterial evaluations in a linguistic form 
was of great importance. 
6. Summary 
MCDA methods are one of the basic research tools in the analysis and solving complex decision problems related 
to green logistics. The development of the operational research discipline and, related to the discipline, the evolution 
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of MCDA methods makes it possible to use the whole collection of MCDA methods to solve a specific problem. 
However, even employing several MCDA methods to solve a given problem does not guarantee the correctness of this 
solution and proper selection of a multiple-criteria method is a crucial task. 
This article discusses the problem of the construction of an outline of MCDA methods selection. According to 
literature a set of MCDA methods was identified. Based on the following analysis the outline of multiple-criteria 
decision analysis method selection was presented in details. In the next step, the outline was verified by collating the 
present author’s recommendation with reference cases of using MCDA methods in the field of green logistics and 
transport. The research confirms the correctness and usefulness of the presented outline in these research areas. 
 It was found out during the research that the proposed outline can be expanded and further directions of re-search 
should be oriented to detailed consideration of steps, which are included in the outline, concerning fuzzy preference 
information as well as a possibility of applying several (hybrid) MCDA methods at the same time. Additional research 
needs to be supplemented by including other disciplines and decision support areas in the outline and verified with 
reference cases of the application of each method in various areas (management, production, environment, medicine, 
etc.). Considering additional criteria characterizing the environmental context of usage individual MCDA methods in 
the author’s outline also seems to be interesting. 
Appendix A. Problem of evaluating electric vehicles with the lack of data  
Table A1. A full set of variants containing lack of data 
Decision variant 
Criteria 
Travel range [km] (c1) Battery charging time [h] (c2) Price [PLN] (c3) 
MegaVan (a1) 150 6 55.000 
Nissan e-NT400 Concept (a2) 140 9 No data 
Peugeot Partner Electric (a3) 170 9 76.500 
Ford Transit Connect Electric (a4) 129 6 62.750 
Electric delivery van 1000 (a5) 118 No data No data 
Mitsubishi MINICAB-MiEVc (a6) 150 6.5 96.640 
Toyota EV Truck (a7) No data 8 No data 
Modec (a8) 160 8 126.250 
Renault Midlum EV (a9) 140 8 No data 
Table A2. A reduced set of variants which does not containing the lack of data  
Decision variant 
Criteria 
Travel range [km] (c1) Battery charging time [h] (c2) Price [PLN] (c3) 
MegaVan (a1) 150 6 55.000 
Peugeot Partner Electric (a2) 170 9 76.500 
Ford Transit Connect Electric (a3) 129 6 62.750 
Mitsubishi MINICAB-MiEVc (a4) 150 6.5 96.640 
Modec (a5) 160 8 126.250 
Appendix B. Weights of criteria expressed on quantitative and ordinal scales  
Table B1. Evaluation criteria  
Criteria Symbol Unit 
Travel range c1 [km] 
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Battery charging time c2 [h] 
Price c3 [PLN] 
Weights of criteria on an ordinal scale. 
c3 ظ c1 ظ c2 
Table B2. Weights of criteria on an ordinal scale 
Criteria Symbol Weight 
Travel range c1 3 
Battery charging time c2 1 
Price c3 4 
Appendix C. Pairwise comparison matrix determining relative weights of criteria 
Table C1. Pairwise comparison matrix 
 Travel range [km] (c1) Battery charging time [h] (c2) Price [PLN] (c3) 
Travel range [km] (c1) 1 3 1/2 
Battery charging time [h] (c2) 1/3 1 1/4 
Price [PLN] (c3) 2 4 1 
Appendix D. Criterial evaluation of variants on ordinal and quantitative scales  
Table D1. Variant values in terms of the Price criterion 
Decision variant 
Criteria 
Price [PLN] (c3) 
MegaVan (a1) 55.000 
Peugeot Partner Electric (a2) 76.500 
Ford Transit Connect Electric (a3) 62.750 
Mitsubishi MINICAB-MiEVc (a4) 96.640 
Modec (a5) 126.250 
 
Comparing variants in terms of the Price criterion on an ordinal scale: 
a5(c3) ظ a4(c3) ظ a2(c3) ظ a3(c3) ظ a1(c3) 
Table D2. Comparing variants in terms of the Price criteria on an ordinal scale (linear, in this case) 
Decision variant 
Criteria 
Price [PLN] (c3) 
MegaVan (a1) 0.44 
Peugeot Partner Electric (a2) 0.61 
Ford Transit Connect Electric (a3) 0.50 
Mitsubishi MINICAB-MiEVc (a4) 0.76 
Modec (a5) 1 
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